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Abstract

The floristic composition of the established vegetation and the soil seed bank in seven herbaceous communities under
different traditional management regimes were compared in the Valdedn valley (Picos de Europa, Spain), a valley chosen for
study because of its high diversity and non-dominance of any single species which have become increasingly rare in Western
Europe as aresult of changes in agriculture practices. Although the biological richness in this valley is well know, few studies
have been made of the effects of different traditional management regimes on the floristic soil seed bank composition of
these grasslands. The aim of this study was to examine the influence of traditional management regimes on the floristic
composition of the established vegetation and soil seed bank determining which species groups are most represented in each
case to increase scientific information about these communities that every day are more scarce in Western Europe because
of intensive management (generally due to fertiliser application to increase production) and abandonment of the traditional
methods of management with a profound modification of the agrarian structure. An indirect germination method was used to
study the seed bank. Soil samples were put into a germination chamber. 119 species of the vegetation and 104 of the seed bank
were identified, 54 species being common to both. Results were analysed using Correspondence Analysis (CA), samples and
species on the above-ground flora being ordered in the first two axes in well-defined groups: limestone and siliceous pastures,
formerly-cultivated land and hay meadow. In the case of the below-ground seed bank, the manure used as fertiliser in some
communities affected principally the concentration of therophytes in the soil and defined the different groups. Sampling time,
management and differences between the persistence of seeds of different species in the soil seed bank were responsible for
the large differences between the composition of the vegetation and seed bank. Ruderal species, species with persistent seeds
and therophytes, which were better represented in the seed bank were responsible for the low correlation between seed bank
and vegetation established. ©2000 Elsevier Science B.V. All rights reserved.

Keywords:Traditional management; Correspondence analysis; Germination chamber; Pastures; Seed bank; Floristic composition; Spain

1. Introduction

Hay meadows are becoming increasingly scarce in

North Europe because of the very intensive manage-

" * Corresponding author. Fax:349-8729-1501. ment and because of abandonment of land (Bakker
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importance of protecting these areas and conserving Three communities (C1, C2 and C3) are located in
their high diversity is well recognised (Smith, 1985). the lower altitude and are the most intensively man-
Traditional, extensive management methods have beenaged through addition of animal manure and cut for
used for generations in the Valdeon valley (NE Leon, hay (C1 and C2). Communities C4, C5, C6 and C7 are
Spain), and have contributed to the creation of highly located at higher altitude and are subjected to less in-
diverse plant communities, which can be observed at tensive management, one cut for hay or no cut and no
plot and landscape scales (Ga;c1992). added manure. All communities are grazed (Table 1).

The soil seed bank plays an important role in the  The vegetation of this zone is characterised by the
composition of different plant communities and thus presence of beech woodsagus sylvaticaoccupying
in their conservation (Grubb, 1977; Leck et al., 1989; 12% of the valley surface. Three percent of the area is
Wisheu and Keddy, 1991). The composition of the occupied by mixed woods of beech and oaisiér-
seed bank depends on the production and composi-cus petraea Quercus pyrenaicaQuercus faginegp
tion of the present and previous plant communities, as ash trees, hazels and holly, among others. The rest
well as on the longevity of the seeds of each species of the vegetation of the valley comprises heather,
under local conditions. If there is a disturbance to scrub, hay meadows and limestone and siliceous pas-
the plant community, the seed bank may intervene in tures (Gar@, 1992). The climate is continental with
re-establishing the original community. This relation- an atlantic influence, but varies considerably within
ship between the composition of the seed bank and the valley as a function of orientation and altitude.
the vegetation is particularly important for the vegeta- Temperature averages 9@ with an annual rainfall
tion that appears under different management regimesat 900 m of 1783 mm.

(Fredrickson and Taylor, 1982). Manure collected from the enclosures used to house

It is well known that the seed bank is unlikely to cattle in winter, is used as fertiliser in spring. The use
be important in recreating species-rich grassland, and of chemical fertilisers is very rare in this area. Pastures
the seed rain from adjacent areas is probably more are manually cut using a scythe, usually at the end of
important (Graham and Hutching, 1988a, b; Hutchings June in the case of the lower pastures to the end of
and Booth, 1996). July for the higher pastures.

The aim of the present study was to examine the = Samples of seed bank were taken in March 1994
influence of traditional management regimes on the with a hoe because of stony soil was finding it im-
floristic composition, both of the established vegeta- possible to use the cores. Soil samples were from two
tion and of the soil seed bank in the different plant depths, 0—10cm and 10-20 cm. In the first three com-
communities under different traditional management munities (C1, C2 and C3), 100 samples were taken
regimes, determining which species groups are most (50 from each depth), whereas in C4, C5, C6 and C7,
represented in each case to increase scientific infor-the number of samples was halved because of the size
mation about these communities characterised by their of the pasture or the shorter herbage.
high diversity and every day more scarce in Western In the laboratory, each sample was divided into two
Europe because of intensive management. parts, making groups of 10 (without mixing the sam-

ples from different management regimes nor depths).
This was done to achieve a greater degree of homo-
geneity and representativity of all samples. Finally, 20
2. Materials and methods samples were obtained (10 from each depth) for C1,
C2 and C3, and 10 (5 from each depth) for C4, C5,

Seven pasture plant communities were selected C6 and C7. Subsamples of 400Tmere taken from
along the length of the Valdedon valley in the eachsample andthese were used for germination tests.
North-East of the province of Ledn, which falls within -~ Thus, a total of 8000 chwere sampled from each of
the limits of the Picos de Europa National Park. The the first three communities and 4000%fnom each
area was chosen because all sites were managed undeaf the other four.
different traditional regimes leading to the creation of  Indirect germination in a controlled environment
high-diversity plant communities. was used to study the soil seed bank. A germination
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Table 1

Characteristics of the herbaceous communities studied in the d/aidaley

Community Management regime Altitude (m) pH Gradient (

Cc1 2 cuts (annual) 900 7.3 0
Alfalfa stopped being sown 7 or 8 years ago
Manured (annual)
Grazed in autumn

c2 Near to dung heap 830 7.5 0-10
Grazed in spring and autumn (annual)

C3 1 or 2 cuts (depending on the year) 900 6.5 >10
Manured only occasionally (annual)
Grazed in autumn

C4 1 cut (annual) 1300 5.8 >10
Not manured
Grazed in autumn

C5 1 cut (some years only) 1300 5.1 >10
Not manured
Grazed in spring and autumn (depending on the year)

C6 Abandoned hay meadows (has mown 10-15 years ago) 1300 5.4 >10
Not manured
Grazed in spring and autumn

C7 Beech clearing 1450 4.3 0

Not manured
Grazed in spring and autumn

chamber, programmed for 14 h of light and°25and
68% humidity and 10h of darkness at°Thand a

In June 1995 vegetation was sampled from the seven
communities using a 1fnquadrat thrown at random

80% humidity was employed. Two different method- 10 times onto the surface of the pasture. Frequency
ologies were used for comparative purposes and alsodata were collected from within the quadrant.

to achieve the greatest possible number of germina-

The species making up the vegetation and the soil

tions. Half of the samples were not concentrated by seed bank were classified in three different ways:
washing but after a first germination underwent a stress 1. According to the biological form following the

period without light or humidity (NCS method), the

other samples were concentrated by washing and then

sprayed with gibberelic acid in order to favour the

seed germination in the latency phase (CG method)

(Lopez-Marifio, 1997).

Identification and counting of seedling were done
using keys of cotyledons and first true leaves (Davies,

1959; Chancellor, 1964; Buerad 1966; Ruiz del
Castillo, 1970; Muller, 1978; Chancellor, 1983; Hanf,

1983; Villarias, 1986). Some grasses and Cyperacea

were identified by leaf cuticle keys (GaaeGonzélez,
1983; Aldezabal and Ga-Gonzélez, 1992). Some

Juncus spp. were determined using keys of their
transversal section structures and of longitudinal
epidermal sections (Fernandez-Carvajal, 1982). The
most difficult species to identify by this method were 3.

transplanted into pots for adult identification.

biotypical and symorphical classification of
Raunkiaer (Mueller-Dombois and Ellenberg, 1974)
in phanerophytes, camephytes, geophytes, hemi-
cryptophytes and therophytes.

. Agronomic groups according to the supply of nu-

trients to the pastures. These were classified into
grasses, legumes and ‘other families’ (Roberts,
1981; Rice, 1989). Furthermore, a new group

was considered for classification, ruderal species,
which were those from environments created for
human occupation and their associated buildings.
One of the features of this environment as far as
the soil is concerned is the high nitrogen content.
Thus, many of the species considered to constitute
ruderal flora are so-called nitrophilous.

Taking into account the type of seed bank accord-
ing to the classification of Thompson and Grime
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(1979), species being classified as Types I, Il, lll centrated samples by washing and subsequent use of

or IV. gibberelic acid).

Nomenclature follows the Flora Iberica (Vols. 1-1V) The species which were only present in the es-
(Castroviejo, 1986-1993) and Flora Europea (Tutin tablished vegetation and not represented in the seed
et al., 1964-1980). bank of any of the communities samples, had a

Correspondence analysis (CA) was used to anal- predominantly transitory type of bank (Types | or
yse data statistically, using the programme package Il) and the most abundant biological form was the
SYN-TAX-PC (Podani, 1993). For established vege- hemicryptophyte. In contrast the species found only
tation, qualitative data of presence—absence of speciesin the seed banks were predominantly of the persis-
was used, and data on species abundance to a depth afent type (Types Il or 1V), the biological form being
20 cm was used for the soil seed bank. Kendall's cor- the therophyte.
relation index (Siegel and Castellan, 1988) was used The taxa found in both the vegetation and in the
to compare the frequency of species in the establishedseed bank had mostly a persistent type of bank (Types
vegetation with that in the seed bank, testing the cor- 11l and 1V) with the hemicryptophyte biological form.
relation between them. In all the above mentioned cases, the agronomic

group ‘other families’ was the most abundant.
Figs. 1 and 2 show the ordination of the samples
3. Results and discussion and species obtained from the CA for the established
vegetation and the soil seed bank, respectively.

A total of 169 taxa were present among the species In both cases the samples were located in the plane
making up the established vegetation and those in formed by the two axes, in well-defined groups,
the seed bank. In the established vegetation of the such as the limestone and siliceous pastures which
seven communities studied, a total of 119 different were well differentiated (C2 and C7), as was the
species were identified of which 25 were grasses, 12 formerly-cultivated land (C1) and the group of hay
were legumes, 74 were classified in the ‘other fam- meadows (C3, C4 and C5). Pasture C3 which is sit-
ilies’ group and 8 were ruderal species. Of the 119 uated at a lower altitude and is managed more inten-
species, only 54 (45% of the total) were also found in sively, being manured and mown (twice some years),
the soil seed bank of some of the communities stud- is clearly separate from the other three (C4, C5 and
ied (7 grasses, 8 legumes, 33 from ‘other families’ C6).
and 6 ruderal species). The difference in composition In a study carried out by Chocarro et al. (1989),
between above-ground flora and below-ground seedfive pastures under different management regimes in
bank of pastures has been confirmed by similar Span-the Valdedn valley were sampled. Ordination analysis
ish studies (Reiné and Chocarro, 1994 of communities clearly separated the pastures under intensive manage-
in the central Pyrenees; Ortega, 1994 of pastures in ment from those with a less intensive management.
the Guadarrama mountain range). As in the present study, the results of Chocarro et al.

From the 40,000 ckof soil samples left to germi-  (1989) did not show a clear separation of pastures at
nate in the germination chamber, a total of 2326 seeds higher altitudes (1300 m), even though they had dif-
germinated. Of these, 72 died before they could be ferent management regimes.
identified, leaving 2254 seeds which were identified  The higher values on axis 1, both for the established
into 104 different species. Of these 10 were grasses, vegetation (Fig. 1) and for the soil seed bank (Fig. 2)
8 legumes, 57 from ‘other families’ and 29 ruderal were from the pasture C7, whereas samples from pas-
species. ture C1 were located in the most negative portion of

Of all the germinated seeds, 1677 seeds were foundthis axis.
at the first depth and 649 (28% of the total) at the = The greatest difference in the position of samples
second. Furthermore, 1130 seeds of all those which between the established vegetation and the seed bank
germinated were from the samples treated by NCS were found in community C2. Samples of the soil seed
method (non-concentrating samples and just after the bank (Fig. 2) were situated towards the most negative
stress period) and 1196 were from CG method (con- portion of the axis, because of the effect of manure
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Fig. 1. Correspondence analysis of the vegetation established (ordination the samples and species. Taxa were represented by three letters
of the genus and three of the species).

deposited near the area, making nitrophilous ruderal rubra. In contrast, ruderal species and species typical
species or species common to cultivated lands suchof abandoned cultivated land are situated towards the
as Chenopodium albupSonchus aspeior Anthemis negative portion of this axis, e.gnthemis arvensjs
arvensisappear, these being uncharacteristic of lime- Echium vulgarisor Vulpia myurus Between these
stone pastures. The result is an ordination in sharp two extremes are found those species typical of hay
contrast to that of the established vegetation charac- meadows, such asinum bienne Trifolium dubium
terised by species native to limestone pastures, suchAstrantia major Rhinanthus minorand Dactylis
asGenista legionensj&rica vaganor Ajuga pyrami- glomerata
dalis (Fig. 1). Organic fertilisers contain a large num- Fig. 2 show this same tendency, species from the
ber of seeds of field and ruderal species (Mcdonald seed bank show the order of the species in the same
et al.,, 1996) and livestock disperse seeds of pastureplane formed by these two first axes. Species such as
species through their dung (Malo and Suérez, 1995). Aphanes arvensi&€rodium cicutariumUrtica dioica,
When the order of species in the first two axes Chenopodium albumAnthemis arvensjsArenaria
for the established vegetation (Fig. 1) is examined, serpyllifolia, Echium vulgareor Medicago lupulina
the species typical of pastures and pasture-scrubare situated at the most negative part of axis 1,
were located towards the most positive extreme of whereas in the most positive part, where the samples
axis 1, with species such &3entiana lutea Nardus from pasture C7 are located, typical pasture species
stricta, Avenula marginataExica vagansHieracium such adieracium pilosellaandSagina saginoideare
pilosella, Helianthemum nummulariurand Festuca found.
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Fig. 2. Correspondence analysis of the soil seed bank (ordination the samples and species. Taxa were represented by three letters of the
genus and three of the species).

In axis 1, for both analyses, a gradient of manage- In the case of the soil seed bank (Fig. 2), the man-
ment intensity can be appreciated, with the most rud- agement intensity affected principally the concentra-
eral and nitrophilous species situated towards the mosttion of therophytes in the soil. The meadows receiving
negative part, followed by species typical of hay mead- manure, which provides many seeds, and the formerly
ows and, subsequently, species typical of pastures incultivated land were located at the most negative por-
the most positive portion. In a study by Ga¢1992) tion of axis 1.
on the importance of conserving the richness of plant  For the established vegetation (Fig. 1), the most pos-
species in Europe, a components analysis was per-itive portion of axis Il is occupied by species such as
formed using the percentage cover data for the floristic Erica vagans Teucrium pyrenaicurand Ajuga pyra-
composition of five meadows in the Valdeon valley, the midalis typical of limestone pastures, and in the more
intensity of management in each being different. The negative portion, hay meadow species suciMab/a
graphical representation of the analysis allowed a clear moschataDactylis glomerataand Rhinanthus minor
separation to be seen between those meadows whichas well as species typical of high altitude meadows
were organically fertilised and those which were not. such asGentiana lutea
The fertilisation regime is closely related to the inten-  The significance of this second axis is not very clear,
sity of management in this area and to the proximity of perhaps because of the ‘arc’ effect characteristic of
the meadows to urban centres, those situated at lowerclassical CA (Hill, 1974), although from the order of
altitudes being more intensively managed. samples, an altitude gradient can be appreciated which
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Fig. 3. Percentage number of species in vegetation and soil seed bank (0-20 cm) for different managements classified according to agronomy
group (O: Other families; R: Ruderal species; G: Grasses; L: Leguminous).

in the study area corresponds to the different pH of the mowing of hay meadows are situated towards the
the substrates. more negative portion of the axis in contrast to the
Fig. 2 (the soil seed bank) shows that it is the location of the pasture species.
samples from pasture C2, which are now situated In order to clarify the characteristics of the species
towards the positive portion of axis Il. The species groups which contributed to the different location of
situated at the positive portion of the axis are char- the samples and species in the graphical representa-
acteristic of limestone and siliceous pastures, such astion of the CA, the graphs of percentage number of
Erica vagans, Potentilla crantziHornungia petraea species between vegetation and seed bank classified
Hieracium pilosellaand Sagina saginoidesin the on the basis of agronomic group (Fig. 3), type of bank
most negative portion of axis Il are ruderal species formed by the seeds (Fig. 4) and the biological form
such ad.amium purpureumnGeranium molleThlaspi (Fig. 5) were compared. Ruderal species gained im-
arvenseand species typical of meadows, such as portance in the seed bank, especially in the first three
Linum bienne Trifolium dubium Holcus lanatusand meadows, even outweighing in importance, that of the
Dactylis glomerataTaking this ordering into account, other families in C1. The trend in the different groups
axis |l reflects the different management regimes is similar for all management regimes, an increase in
used on the different meadows. Species favoured by the ruderal species group and a decrease in the grasses
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Fig. 4. Percentage number of species in vegetation and soil seed bank (0-20cm) for different managements classified according to seed
bank type.
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Fig. 5. Percentage number of species in vegetation and soil seed bank (0-20 cm) for different managements classified according to biological
forms (T: Therophytes; H: Hemicryptophytes; C: Chamaephytes; G: Geophytes; F: Phanerophytes).

Table 2
Kendall correlation indices and significance level between floristic
composition and soil seed bank frequéehcy

and legumes of the seed bank in comparison with the
established vegetation.

As far as classifying species according to the type of
seed bank is concerned and comparing the percentage&@nagement

Established vegetation-seed bank (0-20cm)

between the established and potential vegetation, there N  Kendall Tau ¢) Significance level
is a general tendency to a greater number of speciesz; 81 —031 .
with types Il and IV in the bank (predominantly of ¢2 71 -0.43 ok
the persistent type) compared with the vegetation, and C3 70 -0.18 *
a lower number of types | and Il (predominantly tran- C4 68 —0.43 i
sitory type of bank; Fig. 4). gg Zg :8;2 ns.
Finally, comparing vegetation and seed bank for a4 024 .

percentage number of species classified by biological _ _
form for the different communities (Fig. 5), the impor- .- \- Species number each managemegtiendall correlation
. . index; * p <0.05; ** p<0.01; p <0.001; n.s.: not significant.
tance acquired by the therophytes in the seed bank as
compared with the established vegetation is obvious
in all communities, but especially in the lower altitude established vegetation and potential vegetation vary
more intensely managed ones. Reiné and Chocarroin opposite directions. Gai@ Morchén (1995) also
(1994), in a study of a meadow community in the cen- found significant correlations for some pastures in the
tral Pyrenees which was cut twice for hay and grazed Aragonese Pyrenees.
twice per year, found therophytes to be present mainly ~ The richness of the vegetation should be related to
in the seed bank, with almost all the established veg- that of the seed bank, although the abundance of some
etation species being hemicryptophytes. taxa varies as a function of their reproductive strate-
These great differences between the floristic compo- gies. Annual species may be present with a greater
sition found by studying the soil seed bank (taking into frequency in the bank than in the established vegeta-
account the total depth from 0 to 20cm) and the es- tion because of their capacity for producing persistent
tablished vegetation, were quantified using Kendall's seeds, with the perennial species being better repre-
correlation index (Table 2). sented in the established vegetation than in the seed
In all cases there was a negative correlation which bank because of asexual reproduction (Ortega, 1994).
was significant for all meadows except C5 and was  The difference in composition between the estab-
the greatest for C2 and C4. This indicates that the fre- lished vegetation and the seed bank in these ecosys-
guency trends for the different species making up the tems has been amply confirmed by many authors
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(Chippindale and Milton, 1934; Major and Pyott, communities located at higher altitude and with higher
1966; Hayashi and Numata, 1968; Thompson, 1986; humidity.
Reiné and Chocarro, 1994).
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